Crater Count Constraints on Radiolysis of
Complex Organic Matter at 2020 Candidate Sites

Use crater counts to
fit erosion rates at
2020 candidate
Use erosion rate to

sites
find radiation dose
Use radiation dose to
predict organic-

matter survivability

Edwin Kite

2"d Landing Site Workshop for the
2020 Mars Rover mission

4 August 2015

B8] THE UNIVERSITY OF

% CHICAGO



Rapid exhumation mitigates a significant concern for
preservation of complex Mars organic matter: radiolysis

Simple amino acids are degraded in < 100 Myr.

pure amino acids
gamma rays

Molecular weight [g/mol]
Kminek & Bada, EPSL, 2006

e.g. Eigenbrode et al., AbSciCon 2015
Pavlov et al., AbSciCon 2015

Pavlov et al., GRL, 2012

Kminek & Bada, EPSL, 2006
Gerakines et al., 2012 ...

Amino-acid bearing meteorites have
<< 100 Myr exposure ages.

Tz (Ma)

Figure 1 2'Ne exposure ages (Ma) of carbonaceous chondrites. Large
symbols show group averages.

Herzog & Caffee, Treatise Geochem., 2013

Simple organic matter in old Mars materials
is hard to interpret given the high flux of

Mars-crossing organic-rich bolides >3.3 Ga



Rapid erosional exhumation minimizes radiolysis of complex organic matter

Galactic cosmic rays destroy life evidence in Fast-eroding rocks are exposed near surface
rocks exposed near Mars surface for long for a short time, avoiding cosmic ray
periods destruction of life evidence
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Erosion moves rocks up relative to surface

Depths <2 m:
Danger Zone

Dartnell et al. Geophysical Research Letters 2007




How can we remotely identify regions of rapid exhumation?

Farley et al., Science 2014
Rice, next talk




Preservation Potential of Mars Rocks can be Measured by Crater Counts
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Smith et al. (2008) Geophysical Research Letters



Crater counts constrain exhumation rate = organic matter preservation potential

Z = erosional exhumation rate (from fits to crater counts).

*Only independently-identified craters fitted (3-5 counters per image).

*Hartmann (lcarus, 2005) crater chronology — fit to a steady-exhumation rate z,
which better represents crater size-frequency distributions for Mars sedimentary rocks than does a single
resurfacing age (Smith et al. GRL 2008; Kite et al. Icarus 2013; Kite et al. Nature Geoscience 2014).

a exp(btz)exp(—2b)

R~ [ ae "Pdt = [ aexp(2b— 2bst)dt =

Q ~ €XP ( o k (A’faﬂm U ) R)

Q) = fraction of organic matter surviving radiolysis.

R = radiation dose. D = depth below surface (declines due to exhumation 2z).
b = decay constant for radiation absorption by rocks/soil.

k = radiolysis (decay) constants. M, , = molecular mass of organic matter.
* SCR neglected — GCR only. Dry heterogeneous regolith.
* RAD-measured radiation dose (Hassler et al. Science 2014)

* Exponential fit to Dartnell et al. (GRL, 2007) radiation decay profile (omission of Pfotzer maximum is
OK for steady exhumation)

* Kminek & Bada (EPSL, 2006) radiolysis (decay) constants; see also Pavlov et al. (GRL, 2012).
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Crater-Obliteration Rate (m/yr)
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Crater-Count Exhumation Rates
Crater Diameter (km)

Taphonomic Implications
Organic Matter Surviving Radiolysis
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W Candor (“Radiation Safe”) site

Rationale: “the extreme paucity of impact craters on the surfaces of
exposed, light-toned layered rock outcrops [...] is best illustrated in
western Candor Chasma” - Malin et al. JGR 2007




W Candor (“Radiation Safe”)

ESP_028422_1730

Crater-poor 52%: 0.3 um/yr
Crater-rich 48%: 0.08 um/yr
Average: 0.1 um/yr




Crater-Count Exhumation Rates - Taphonomic Implications
_ECrater Diameter (ka}} Organic Matter Surviving Radiolysis
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Equivalent Steady Exhumation Rate (m/yr)




Caveat! Crater size-frequency distributions can exclude rapid exhumation,
but cannot prove rapid exhumation.

- ‘Minus 2’ slope can mean diffusion or exhumation

Landscape-lowering
Good organic-matter
preservation potential

Poor organic-matter
preservation potential
in inter-crater terrain

Example:
16m-diameter crater
Golombek et al. JGR-E 2014




NE Syrtis Major

ESP 015942 1980: Near center of ellipse
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Crater-Count Exhumation Rates Taphonomic Implications
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Conclusions

* All sites studied are on the cusp of
complete destruction of complex organic matter via radiolysis.

Few published radiolysis constants are available.
Additional Mars-relevant radiolysis constants would be valuable.
Craters 10-20m diameter are the most valuable for constraining radiolysis.

No strong reason to choose between the sites studied on the basis of terrain-
averaged organic-matter survivability against radiolysis.

Downward revisions to crater flux (Daubar et al. 2013) would reduce
preservation potential.

* Radiolysis is an e-folding process, and factor-of-a-few differences in
erosion rate (around the “Mars average” for sedimentary rocks) can make
the difference between complete destruction and complete retention of
complex ancient organic matter.

Thanks to summer RAs: Emily Thompson, Daniel Eaton, William Misener, Chuan Yin,
Edward Warden, Julian Marohnic; and to Planetary GIS/Data Specialist David Mayer.
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« Distributions of identifiable molecular structures and/or
components (if macromolecular)

* |[somer ratios of amino acids

molecular mass distribution of organic components
compound specific isotopic composition
aliphatic/aromatic ratio
organic functionalization (polar/nonpolar)
C, H, O, S, N, Cl ratios of organic matter

+ fine scale OM distribution in materials

Stable isotopic composition of organic carbon

Confidence Scale
Molecular weight

Basic molecular bond information

presence of organic carbon (compounds with C-H bonds)

presence of reduced carbon (e.g., graphite, diamonds) Low

Figure 3-14. Organic molecule detection methods are not as definitive as some types of organic maiter
characterization. Confidence of detecting or not Definitive Biosignatures (DBS) for various observation types about organic
matter (OM). Observation types in central column, arranged in order of confidence that the observation could yield a definitive
biosignature (right column). Left column denotes general type of the observation: detection vs. characterization of the organic
matfter. Note that the level of confidence provided by a given measurement varies depending on the specific details (e.g. degree of
thermal degradation) of the sample being investigated.

Mustard et al., Report of the Mars 2020 Science Definition Team, 2013
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Wind-Erosion Speedometer




o Data from Eliot Sefton-Nash, EPSL 2014
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Absolute calibration through cosmogenic
radionuclides:
Farley et al., Science 2014

p(YID,P)= A exp(-A)/Y!



